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Abstract: Fine particulates less than 2.5 μm (PM2.5) or 10 μm (PM10)
are often emitted from river bank or other alluvial lands to the atmo-
sphere during dry and windy seasons worldwide, which contribute to
land degradation and poor air quality. Investigation of PM2.5 and
PM10 emission potential could contribute to the development of mitiga-
tion strategy and better land management practices. In the low-
precipitation zone (<100 mm annual precipitation) of the Tarim Basin
in western China, wind erosion and fugitive dust emission are recog-
nized problems on the oasis. There is limited information, however, re-
garding wind erosion on river overflow areas, areas of temporal
flooding, in the Tarim Basin. The objectives of this study were to char-
acterize PM2.5 and PM10 emission potential and wind erosion potential
of soils along the Tarim River. The results of particle analysis revealed
that most soils (28 soils) were silt loam in the overflowing area of the
Tarim River; few (12 soils) soils were sandy loam. The soils had low clay
and high silt contents. Soil particles greater than 840 μm (nonerodible soil
particles) were not found by sieving all soil samples. Contents of PM2.5
and PM10 ranged from 1.6 to 30.4% and 4.5 to 78.6%. These high
percentages of fine soil particulates suggest that mitigation of soil wind
erosion and fine-particle emission is important in protecting air quality
in the region. The highest content (44.9%) of saltation-size particles
(100- to 500-μm diameter) was found in the lower reaches of the river,
followed by the middle reaches (14.6%) and then the upper reaches
(11.7%) of the river. The highest content of suspension particles (<100-μm
diameter) was observed for soils in the middle reaches (13.1%), followed
by the upper reaches (11.2%) and the lower reaches (7.1%).

Key Words:Wind erosion, PM2.5, PM10, soil particle size distribution,
river overflowing area, Tarim River
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Fugitive dust is a frequent product of wind erosion (Gillette,
1977) and is often the most visible evidence of soil wind ero-

sion downwind from actively eroding fields. Aeolian erosion
and dust production are major environmental concerns because
atmospheric particulate matter impacts the regulation of surface
temperature (Overpeck et al., 1996), air quality (Husar et al.,
2001), and human health (Schwartz, 1994).

Atmospheric dust influences climate by altering the Earth’s
radiation/energy balance (Tegen and Lacis, 1996). The potential
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of wind erosion is the highest in arid and semiarid regions (Feng
et al., 2011). Soil and mineral particles with a diameter less than
60 μm are especially important to air quality because they con-
tain significant amounts of soil nutrients (Zobeck and Fryrear,
1986) and contaminants (Pye, 1987), and they are capable of
long-range transport. Of particular concern are those parti-
cles with a mean aerodynamic diameter of less than or equal
to 10 μm (PM10) and 2.5 μm (PM2.5), which are stringently
regulated by environmental regulation agencies such as the US
Environmental Protection Agency (USEPA) and the Ministry
of Environmental Protection of the People’s Republic of China
as air pollutants.

Meteorological statistic analyses of sand-dust events in
some important source regions of China revealed that the fre-
quencies of sand-dust events were not always significantly cor-
related with the synoptic and climatic parameters (Hu et al.,
2001; Wang et al., 2004b; Qian et al., 2007). This has led
scientists to consider the influence of other factors while study-
ing the meteorological causes of sand-dust events. The size dis-
tribution and stability of soil aggregates have a major influence
on wind erodibility of soils (Tatarko, 2001). Soil grain size is a
fundamental property of sediment particles that plays a major role
in various processes among which sand drift and soil movement
are of special interest for the environment of the arid and semiarid
regions (Labiadh et al., 2011). Dry sieving and use of a laser par-
ticle sizer are methods better adapted to retrieving the size distri-
bution of the soil aggregates with the minimum of disturbances.
Particle size distribution data are widely available for soils world-
wide; it would be advantageous to estimate factors influencing
wind erodibility from those data (Chandler, 2005).

Briefly, silt particles are light and porous enough to be car-
ried away by wind erosive forces (Madden et al., 2010). Jackson
(1975) concluded that PM10 potential is highly correlated to
soil texture, as determined by the pipette method and sieving.
Because of the greater amounts of fine particles, clayey soils
have a higher potential to emit PM10 than sandy soils. Chandler
et al. (2002) hypothesized that PM10 potential would increase
with progressively finer textured soil but then decrease as
greater aggregate stability from increases in clay and organic
matter begins to outweigh increases in the total number of
particles less than 10 μm in diameter in the soil. Madden et al.
(2010) reported that there was a significant correlation between
the ratio of percentage of silt to percentage of clay and PM10
concentration.

In northern China, the frequency of dust storms increased
as the expansion of land desertification increased rapidly from
2,100 km2 year–1 between 1976 and 1988 to 3,600 km2 year–1

between 1988 and 2000 (Wang et al., 2004a). Zhang et al.
(1997) estimated that approximately 800 Tg of Chinese desert
dust is lifted into the atmosphere annually based on estimates
of atmospheric dust deposition in five Asian and Pacific
regions. In contrast, simulations using the USEPA model (Xuan
et al., 2000) concluded that 43 Tg of Chinese desert dust is
emitted into the atmosphere annually.

Global dust emissions play a significant role in global cli-
mate cycles (Arimoto et al., 2006; Goudie and Middleton, 2006)
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and become part of deep ocean sediments (Duce et al., 1980;
Duce and Tindale, 1991). Tarim Basin, as one of the world’s pri-
mary areas of potential dust source in the world, emitted large
quantities of dust that were carried by winds over large areas of
Asia and across the Pacific to North America (Husar et al.,
2001; Yu et al., 2012).

Areas within source regions that provide ideal conditions
for dust generation include dry lake beds (Reheis, 2006; Blank
et al., 1999), open deserts (Qian et al., 2007), fallow farm fields
and other disturbed land (Zobeck and Fryrear, 1986; Stout
and Zobeck, 1996), and unpaved roadways and building sites
(Chow and Watson, 1997); however, little attention has been
paid to alluvial sediments along rivers. Planned or regulated over-
flow flooding has been applied as an important measure for river
rehabilitation and reversing ecosystem degradation (Wuetrich,
1996). River overflow flooding plays an important role in main-
taining spatial heterogeneity in plant community composition
and structure in arid floodplain landscape (Blom and Voesenek,
1996). River overflow flooding could also contribute to changes
in soil surface particle distribution and vegetation cover in the
Tarim Basin, which flows across the Taklimakan Desert. The
river overflowing region had an area of approximately 3,000 to
5,000 km2, which is a type of very important and unique land-
scape (Fig. 1). Except for the natural flooding overflow, there
were 52 ecology gates for planned overflow in the Tarim River
(Fig. 1B). The planned overflow plays an important role for the
maintenance of plant cover beside the Tarim River.

There were some lakes or ponds in the arid and semi-
arid regions; some of them were desiccated because of strong
evaporation and lack of recharge. The lakes become desiccated,
FIG. 1. River overflow in the Tarim River Basin.
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leaving large areas of bare ground prone to becoming potential
dust sources. Dry lake beds can provide much smaller particles
(e.g., <10 μm) during wind erosion than sand deserts and the
Gobi but are effectively “point sources” when compared with
deserts (Yue et al., 2004; Yang et al., 2008). The river overflow
area in arid regions had a similar process to dry lake on the hy-
drologic and sedimentologic interactions that may sustain dust
production. Reynolds et al. (2007) reported that many factors
affect the potential of dust emission from playas. The factors
considered included relations among hydrologic characteristics,
thickness of the capillary-fringe zone, and playa-surface charac-
teristics, with respect to wet and dry playas. Similar situation
exists in river overflow area of arid region. Soils in the river
overflow area could also be a potential dust source. Therefore,
it is necessary to investigate the potential of wind erosion in
the region.

The objective of this study was to determine the potential
of PM2.5 and PM10 emission and wind erosion of soils at the
different sections of the Tarim River overflow area.
MATERIALS AND METHODS
The studied areas are located along the Tarim River (Table 1;

Fig. 2). The Tarim River is located in Xinjiang Uygur Autono-
mous Region, China. It is the largest inland river in China and lies
in the TarimRiver Basin with an area of 1.22 million km2. The an-
nual precipitation varies in the range of 20 to 50 mm; in contrast,
the annual potential evaporation is as high as 2,500 to 3,000 mm.
Tarim River has an overall length of 1,321 km. In the arid des-
ert climate, desert shrubs and semishrubs are dominant, whereas
www.soilsci.com 557
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TABLE 1. Location of Soil Samples

No. Samplesa Latitude Longitude No. Samples Latitude Longitude

1 A1 80°57′01″ 40°29′24″ 27 B8 84°13′47″ 41°10′37″
2 A2 81°48′46″ 40°44′30″ 28 B9 84°12′35″ 41°09′16″
3 A3 80°53′50″ 40°25′10″ 29 B10 84°15′01″ 41°05′52″
4 A4 80°53′50″ 40°25′10″ 30 B11 84°15′01″ 41°05′52″
5 A5 80°53′50″ 40°25′10″ 31 B12 84°14′56″ 41°01′28″
6 A6 81°30′54″ 40°44′19″ 32 B13 84°14′56″ 41°01′25″
7 A7 81°57′40″ 41°28′03″ 33 B14 84°14′49″ 40°57′07″
8 A8 81°57′41″ 41°27′58″ 34 B15 84°14′49″ 40°57′05″
9 A9 81°57′40″ 41°28′03″ 35 B16 84°16′58″ 40°50′00″
10 A10 82°02′28″ 41°22′51″ 36 B17 85°32′41″ 40°59′29″
11 A11 82°02′29″ 41°22′56″ 37 B18 85°32′38″ 40°59′34″
12 A12 82°02′29″ 41°22′55″ 38 B19 85°32′42″ 40°59′30″
13 A13 82°48′38″ 41°01′17″ 39 B20 85°32′34″ 41°59′28″
14 A14 82°47′33″ 41°00′33″ 40 B21 85°32′43″ 40°59′33″
15 A15 82°47′22″ 41°00′29″ 41 B22 85°32′43″ 40°59′33″
16 A16 82°46′10″ 40°59′45″ 42 B23 86°6′16″ 41°07′12″
17 A17 82°46′20″ 40°59′26″ 43 B24 86°6′12″ 40°07′19″
18 A18 82°46′19″ 40°59′26″ 44 C1 87°56′24″ 40°25′51″
19 A19 82°45′51″ 40°58′52″ 45 C2 87°56′23″ 40°24′37″
20 B1 84°11′21″ 41°17′00″ 46 C3 87°56′20″ 40°24′03″
21 B2 84°11′22″ 41°17′00″ 47 C4 87°56′23″ 40°24′37″
22 B3 84°11′22″ 41°17′00″ 48 C5 87°56′23″ 40°24′37″
23 B4 84°12′8″ 41°13′55″ 49 C6 87°56′23″ 40°24′37″
24 B5 84°12′13″ 41°13′59″ 50 C7 87°56′23″ 40°25′49″
25 B6 84°13′45″ 41°10′41″ 51 C8 87°56′23″ 40°25′49″
26 B7 84°13′47″ 41°10′38″

aThe A represents the soil samples in the upper reach, the B represents those in the middle reach, the C in the lower reach. The upper reach from A1
to A19, the middle reach from B1 to B24, and the lower reach form C1 to C8.
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large herbaceous plants, shrubs, and trees grow on the flood-
plains and low terraces along both riversides (Xu et al., 2009).
Woodlands are dominated by Populus euphratica; major shrubs
include Tamarix species, Lycium ruthenicum, Halimodendron
halodendron, and so on, and herbs are mainly composed of
Phragmites australis, Apocynum venetum, Alhagi sparsifolia,
Karelinia caspica, Glycyrrhiza inflata, and so on.

Soil sample sites were selected along the Tarim River, from
the upper reaches to the lower reaches of the river. The 51 soils
were collected from the upper 5-cm layer of the soil profile us-
ing a flat shovel. Approximately 2 kg of soil sample was taken
at each site from the river about 0.15 to 30 km. There were 19
soil samples in the upper reaches, 24 soil samples in the middle
reaches, and eight soil samples in the lower reaches. The soil
samples were air-dried and hand sieved through a 2-mm sieve
to remove large aggregates, stone, and plant residue. Large aggre-
gates were mechanically fractured to facilitate passage through
the 2-mm sieve. Soil passing through the 2-mm sieve was used
for soil particle size analysis. Particle size distributions were
measured using a Malvern Mastersizer S laser diffractometer
(Malvern Instrument, Malvern, England) that measures volume
percent of particles in 100 size classes from 0.02 to 2,000 μm. Soil
samples were pretreated before analysis using sodium acetate to
dissolve carbonates and hydrogen peroxide to oxidize organic
matter. Samples were rinsedwith deionizedwater and centrifuged,
and excess supernatant was decanted. Each sample was dispersed
558 www.soilsci.com
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with sodium hexametaphosphate by agitation for 16 h and ana-
lyzed in a deionized water suspension with no sonication.

Soil texture were described with clay (<2 μm), silt
(2–50 μm), very fine sand (50–100 μm), and fine to coarse
sand (100–2,000 μm) following the taxonomy of the US
Department of Agriculture.
RESULTS AND DISCUSSION
A total of 51 samples were analyzed in this study of the

soils along the Tarim River. The soil texture is indicated in
Table 2, Table 3, and Fig. 2. Twenty-eight soils, which account
for 52% of soil samples, were silt loam. These soils were found
from the upper reaches to the middle reaches of the Tarim River.
Twelve soils were classified as sandy loam and were located to
the middle reaches of the river. In addition, there were five loam
soils, five silt soils, and three loam sandy soils. The content of
clay in those soils ranged from 1.3% to 24.5%, indicating that
the soils had a low content of clay in the studied area. Especially
for the lower reaches, the content of clay ranged from only 1.3
to 16.5%, whereas the content of sand ranged from 55.1 and
86.9%, indicating that the soils from the lower reaches had the
lowest content of clay and the highest content of sand in the
Tarim River overflow area. The sand/clay distribution could re-
sult from the fact that the lower reaches of the river dried up
at a high frequency (Tursun et al., 2009), resulting in the fine
© 2014 Lippincott Williams & Wilkins
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FIG. 2. Sampling sites within the river overflow of the Tarim River.

Soil Science • Volume 178, Number 10, October 2013 Fine-Particle Emission Potential in Tarim Basin
particles of soils being blown away because of severe wind ero-
sion (Chen et al., 2011).

The D50, D84, and D99 mean diameter particles represent
the 50th, the 84th, and 99th percentile of the particle size distri-
bution, respectively, as measured by volume. The D50 and D84
ranged from 4.5 to 124.8 μm and from 12.4 to 210.9 μm. The
D99 ranged from 494.1 to 246.4 μm, indicating that the soil
particles were fine in the study area. The soil sample (C2, 87°
56′23″, 40°24′37″) had the largest D50 and D84 values in the
lower reaches of the river. The lower reaches had a range of
68.1 to 390.2 μm (D99); the middle reaches, from 87.7 to
450.5 μm; and the upper reaches, from 141.1 to 494.2 μm,
© 2014 Lippincott Williams & Wilkins
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indicating that the soil particles were finer in the middle reaches
and the upper reaches and were coarser in the lower reaches.
There were significant differences (P< 0.05) in D99 (represents
the 99th percentile of the particle size distribution) between the
lower reaches and the upper reaches, middle reaches (Table 3).
The soil particle size of the lower reaches was significantly coarser
than the upper reaches and the middle reaches. The middle
reaches and the upper reaches ranged from 224.72 to 450.53 μm
and from 222.29 to 390.28 μm. The particle size distributions
for D99 in the middle reaches and the upper reaches were similar.

The soil particles greater than 840 μm in diameter are gener-
ally considered not to be erodible by wind (Chepil, 1942). Particles
www.soilsci.com 559
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TABLE 3. Mean Diameter by Volume From D (50th Percentile) to D (99th Percentile)

No. Samples D(50) D(84) D(99) No. Samples D(50) D(84) D(99)

1 A1 30.90 83.40 326.15 27 B8 13.97 49.34 156.72
2 A2 44.01 94.92 295.58 28 B9 41.41 94.97 355.21
3 A3 65.32 145.47 277.57 29 B10 41.41 94.97 355.21
4 A4 68.02 132.97 377.79 30 B11 4.49 12.35 87.84
5 A5 60.22 137.24 358.22 31 B12 12.31 57.60 135.53
6 A6 75.41 137.21 390.28 32 B13 28.00 78.78 154.88
7 A7 11.84 31.10 102.29 33 B14 6.64 23.25 101.10
8 A8 11.84 31.10 102.29 34 B15 8.12 28.08 116.47
9 A9 7.05 19.39 70.37 35 B16 8.21 20.60 87.67
10 A10 35.33 84.04 147.64 36 B17 63.38 127.51 249.84
11 A11 9.85 28.77 89.10 37 B18 63.05 131.01 349.97
12 A12 10.45 29.42 126.16 38 B19 63.30 124.21 450.53
13 A13 6.08 22.51 123.59 39 B20 50.33 107.66 221.40
14 A14 41.15 89.49 291.81 40 B21 59.92 118.92 386.33
15 A15 26.97 62.96 153.83 41 B22 58.91 120.98 438.12
16 A16 37.79 91.44 176.73 42 B23 40.00 101.42 406.70
17 A17 7.83 30.82 386.01 43 B24 124.81 210.89 334.69
18 A18 8.78 21.80 68.11 44 C1 60.28 116.02 382.13
19 A19 35.83 97.99 360.08 45 C2 46.53 106.08 449.11
20 B1 6.86 64.57 204.02 46 C3 69.58 133.79 439.49
21 B2 8.91 41.16 135.49 47 C4 45.80 96.03 399.58
22 B3 9.26 41.43 134.94 48 C5 7.83 51.52 141.08
23 B4 18.42 75.69 148.41 49 C6 67.99 118.78 447.44
24 B5 18.42 75.69 148.41 50 C7 62.342 121.093 494.239
25 B6 10.59 31.82 99.96 51 C8 58.562 110.057 196.51
26 B7 12.66 47.62 134.03
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more than 840 μm were not found in the 51 soil samples. In
fact, most soil particles were not greater than 400 μm in diameter
(Fig. 3). Dong and Li (1998) studied wind erodibility of Aeolian
sand as affected by its grain size and found that sand of 90 μm
was the most susceptible to wind erosion in the northern part of
Taklimakan Desert. The percentage of 90-μm particles varied
from 0.2 to 7.6% (Fig. 4). The mean value was 3.6%, indicating
that the study region had moderate potential of wind erosion.

Chepil (1955) observed a negative relationship between
erosion in a wind tunnel and the percentage of clay contained
in the soil. Soils containing 20 to 35% clay were least erodible.
Coarse-textured soils often lack sufficient amounts of silt and
clay to bind individual sand particles together or they may form
weakly cemented clods that are readily broken down and
eroded. There were two soil samples (A13 and B11) that
contained 21.6 and 24.6% clay, respectively, but they only
accounted for 3.9% of soil samples. As previously mentioned,
a high potential of wind erosion was found in the entire over-
flow area along the river.

Saltation is primarily responsible for redistribution of sur-
face soil within the ecosystem, therefore, affecting vegetation
and soils on a local scale (Larney et al., 1998; Okin et al.,
2006; Li et al., 2007). Mirzamostafa et al. (1998) performed
separate calculations for erosion of soil by suspension and salta-
tion processes, both of which they predicted from dispersed
soil analysis. It is logical to predict suspension size material
(<100 μm) for Aeolian soils separately from saltation-size mate-
rial (100–840 μm). The content of saltation-size material ranged
from 0.2 to 64.0% of the individual soil samples, with a mean
value of 14.43% in the studied region. It could be concluded
© 2014 Lippincott Williams & Wilkins
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that the river overflow area had a moderately high potential for
saltation. The content of saltation-size particles had a range of
0.2 to 32.3% with a mean value of 11.7% in the upper reaches,
a range of 0.5% to 64.0% with a mean value of 14.55% in the
middle reaches, and a range of 5.7% to 80.0% with a mean value
of 44.9% in the lower reaches. The overflow area of the lower
reaches had the highest potential of saltation-size particles,
followed by the upper reaches; the middle reaches had the lowest
potential of saltation-size particles.

The content of suspension-size material (<100 μm) had a
range from 36.1 to 99.80% and mean value of 85.6% in the en-
tire study region, indicating that the potential suspension emis-
sion is likely high in the overflow area of the Tarim River. There
was a range from 67.7 to 99.8% and a mean value of 88.3% in
the upper reaches. There was a range of 36.1 to 99.5% and a
mean value of 86.9% in the middle reaches. In the lower
reaches, the content of particles less than 100 μm had a range
of 70.5 to 95.6% and a mean value of 80.1%. The upper reaches
had the highest potential suspension emission, the middle
reaches had mid potential, and the lower reaches had the lowest
potential for suspension emission.

The results of the particle size revealed that the less than
60-μm particle content of soils ranged from 14.8 to 98.2%,
and the mean value was 66.6%. There were 39 samples (D50)
containing a mean size less than 60 μm, indicating that more
than 89% of the samples within the 50th percentile of the parti-
cle size distribution (Table 3) could contribute to poor air qual-
ity and that the studied area is a significant dust source in the
Tarim Basin. The upper reaches ranged from 33.6 to 98.3%
with a mean value of 73.6%, the middle reaches ranged from
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FIG. 3. Particle size distribution of soils.
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14.8 to 97.6% with a mean value of 70.8%, and the lower
reaches ranged from 38.1 to 85.6% with a mean value of
52.4%, indicating that the less than 60-μm particle content of
soils was high in the entire Tarim River main stream. Especially
for the upper reach, the soils have the highest content of
particles less than 60 μm. There were eight samples (50% of
the total) that had content of particles less than 60 μm more than
90%. This suggests that the upper reaches of the overflow area
of the Tarim River could make a great potential contribution
to poor air quality.

The soil particles less than 60 μm contain significant
amounts of soil nutrients (Zobeck and Fryrear, 1986), which
can be transported over a relatively long distance (D’odorico
562 www.soilsci.com
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and Porporato, 2006). Therefore, it is necessary to measure dust
control, and mitigation of poor air quality should be considered
in the region for preventing degradation of both soil and air
quality.

In one study, particles in suspension had diameters ranging
from 0.25 to 16 μm, with mean diameters of 2.2 μm, in dust
storms (Lu, 2004). In our soil samples, the content of soil
particles in the range of 0.25 to 16 μm ranged from 6.2 to
88.75% (Fig. 5), and the mean value was 41.3%, suggesting a
substantial potential for suspension during dust storms in the
river overflow area. Li et al. (2008) reported that the soils in
the transitional zone between oasis and desert in the Taklimakan
Desert were a major dust source, particularly in the Tarim Basin.
© 2014 Lippincott Williams & Wilkins
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FIG. 4. Content of particles in 90-μm diameter of soils at different sections within the overflow area of the Tarim River.
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Our research provides additional evidence to support this con-
clusion. In the study region, the middle reaches had the highest
potential contribution to dust storms, followed by the upper
reaches; the lower reaches had lowest contribution. These
results are consistent with results obtained for the suspension-
size particles less than 100 μm.

Of particular concern are those particles with a mean aero-
dynamic diameter less than or equal to 2.5 μm (PM2.5) and 10 μm
(PM10), which are stringently regulated by the Chinese Ministry
of Environment Protection as air pollutants. Table 4 shows that
PM2.5 and PM10 content of the 51 soils ranged from 1.6 to
30.4% and 4.5 to 78.6%, respectively. Similarly, a mastersizer
was also used in the United States to conduct dispersed soil parti-
cle size analysis in an effort to determine potential emission of
PM2.5 and PM10 for soils located in the highly erodible regions
(Chandler et al., 2002; Feng et al., 2011). Chandler et al. (2002)
reported that soils on the Columbia Plateau and Texas contain
19 to 38% and 16% of PM10, respectively. Feng et al. (2011)
reported that five sandy and silt loam soils in Washington State
contain 11 to 20% of PM2.5 and 17 to 39% of PM10, which
indicates that PM2.5 and PM10 content of soils along the Tarim
© 2014 Lippincott Williams & Wilkins
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River were 30% more and two times higher than soils in the dust
sources of the United States, respectively.

Table 4 shows that there were large differences in both
PM2.5 and PM10 among these soils. The PM 2.5 and PM10
mean values were 11.5 and 32%, which indicate that most
soils contain high percentages of PM2.5 and PM10. The ratio
of PM2.5/PM10 ranged from 0.25 to 0.42, and the mean value
was 0.36. These results reveal that there is a high emission po-
tential of PM2.5 and PM10 in the overflow area of the Tarim
River. Table 4 shows that there were differences among the
three reaches of the river. The middle reach of the river had
the highest content of PM2.5 and PM10, followed by the up-
per reach, with the lower reach having the lowest content of
PM2.5 and PM10. The USEPA (1990) has started develop-
ing National Ambient Air Quality Standards for particulates
between PM2.5 and PM10 (PM10-2.5). In this study area,
PM10-2.5 varied from 2.9 to 48.2%, with a mean value of
19.6%. The content of very fine particulates ranged from 4.4
to 40.4% in the upper reach, ranged from 12.6 to 48.2% in
the middle reach, and from 2.9 to 14.2% in the lower reach.
Similarly, the highest content of very fine particulates was
www.soilsci.com 563
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FIG. 5. Content of particles in 0.25- to 16-μm diameter of soils at different sections within the overflow area of the Tarim River.
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found in the river’s middle reach. Wind erosion may create air
quality concerns at both local and regional scales because of
long-range transport of fine and very fine particulates lifted into
the atmosphere.

The contribution of fine particulates contained in flood-
deposited sediment to windblown dust should be taken into con-
sideration in river overflow areas. Shen et al. (2006) reported
that the Tarim River flooded 1.74 times every year during the
period from 1951 to 2000. Flood peaks greater than 800 m3/s
occurred in almost every year from 2000 to 2006 and those
564 www.soilsci.com
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greater than 1,000 m3/s occurred in 6 of these 7 years (Chen
et al., 2011). In addition, the annual water-borne sediment dis-
charge was 1.376 � 107 t in the middle reach of the Tarim River
(Xia, 1998). Hu et al. (2005) reported that the flood-suspended
load particle diameter ranged from 2 to 50 μm in the Tarim
River; the D50 ranged from 11 to 41 μm in the upper reach,
and the mean D50 was 31 μm in the middle reach. Most par-
ticles of the flood-suspended load were highly erodible. Frequent
river flooding contributed to accumulation of a high percentage of
fine particles. After drying, those silt loamy soils are susceptible
© 2014 Lippincott Williams & Wilkins
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TABLE 4. PM2.5 and PM10 Percentage of Soils

No. Samples PM2.5 PM10 No. Samples PM2.5 PM10

1 A1 7.87 22.35 27 B8 12.61 40.40
2 A2 6.52 16.61 28 B9 6.98 19.62
3 A3 2.68 10.82 29 B10 6.98 19.62
4 A4 1.95 6.36 30 B11 30.39 78.63
5 A5 2.78 10.16 31 B12 16.23 44.61
6 A6 3.47 8.85 32 B13 10.65 28.23
7 A7 14.55 43.52 33 B14 23.45 65.41
8 A8 14.55 43.52 34 B15 17.57 57.06
9 A9 20.69 63.68 35 B16 19.73 57.72
10 A10 10.13 24.68 36 B17 5.63 14.46
11 A11 18.23 51.13 37 B18 4.77 13.66
12 A12 13.92 48.38 38 B19 4.95 13.86
13 A13 26.44 66.83 39 B20 5.62 16.70
14 A14 5.38 13.77 40 B21 6.12 15.71
15 A15 7.67 20.81 41 B22 5.13 14.62
16 A16 7.53 20.73 42 B23 8.33 22.52
17 A17 22.34 57.43 43 B24 1.56 4.46
18 A18 19.16 55.01 44 C1 3.87 11.73
19 A19 8.06 22.48 45 C2 8.92 22.67
20 B1 22.99 61.29 46 C3 4.82 11.59
21 B2 19.99 53.87 47 C4 6.24 17.03
22 B3 17.64 52.48 48 C5 20.58 56.71
23 B4 16.68 40.10 49 C6 3.31 8.21
24 B5 16.68 40.10 50 C7 4.62 13.37
25 B6 17.96 49.90 51 C8 4.37 13.65
26 B7 16.72 44.40
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to wind erosion. Therefore, the river floods contributed to high
levels of fine particles. Much of the dust by wind erosion in the re-
gion may be the result of river sedimentation.

In a previous study, Li et al. (2009) found that the mass
percentage of medium sand (250–500 μm) significantly in-
creased to 37.96% after two windy seasons in the northern
Chihuahuan Desert. On the other hand, soil particles in the
range of 50 to 125 μm (very fine sand) declined significantly
from 15.01 to 13.55%. Similarly, significant decreases in the
percentage of soil particles with diameters less than 50 μm (silt
and clay) were found during this period. Silt particles are suffi-
ciently light and powdery to be transported by wind-erosive
forces. In terms of our research results, the lower reach of the
river had the largest grain size. Two possible explanations for
this observation are as follows. First, the lower reach of the
Tarim River did not carry as much water and there were fewer
natural flooding and planned overflow flooding events. Chen
et al. (2011) reported that since the beginning of the 1990s, des-
iccation occurred on the lower reach of the Tarim River because
of the high intensity of water resource utilization in the upper
reach of the river basin. Tursun et al. (2009) also noted that, be-
cause of the irrational water-land resources use and biological
resources exploitation in the past 50 years, the lower reaches
of nearly 363 km from the DaXiHaiZi reservoir had been dry
for 30 years. The decreased occurrence of floods and river over-
flow could not provide more fine particles. A second probable
reason was winnowing by wind erosion. Wind erosion and
desertification have been enhanced, and the biodiversity has
been severely damaged in the lower reach of the Tarim River
© 2014 Lippincott Williams & Wilkins
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(Chen et al., 2011). Feng et al. (2001) reported that, between
1958 and 1987, the rate of land desertification area was in-
creased by 30.0% and, within this area, the rate of land deserti-
fication area was increased by 13.7, 30.1, and 35.3% in the
upper, middle, and lower reaches, respectively. Chen et al.
(2006) also reported that the environmental quality was severely
degraded in the lower reach. The lack of water led to decreased
vegetation cover, with the resulting increase in wind erosion and
the loss of soil fine particles. Strong wind erosion and the short-
age of water flow resulted in more soils with coarser particles
in the lower reach. This explanation also suggests why there
were more saltation-size particles and fewer suspension-size
particles.

It is noted that particles, not aggregate size, were measured
in this study. Chepil (1942, 1962) developed a rotary sieve and
dry sieving procedure for measurement of dry aggregate size
distribution. This method was adopted in soil wind erosion re-
search. However, the rotary sieve is out of date and not readily
available to research. In contrast, mastersizer, as a new technol-
ogy using laser diffraction, can rapidly analyze particle size of a
large number of soils (Zobeck, 2004). To some extent, particle
size analysis has the advantage to estimate factors influencing
wind erodibility (Chandler, 2005). The mastersizer requires dis-
persing soils before measurement. Although dispersed soil par-
ticle size distribution, in general, is higher than nondispersed
dry aggregate size distribution, the particle size analysis could
represent the most potential of soil fine-particle emission. The
soils on the overflow areas are located in an extremely dry area,
the Taklimakan Desert, in an arid region; those soils contain
much lower organic matter. There is likely little opportunity
for aggregate formation. Thus, dispersed soil analysis may por-
tray surface conditions along the river.
CONCLUSIONS
Fifty-one soil samples were taken from the upper 5-cm

layer of the soil profile in the overflow area of the Tarim River.
Analysis of the soil particle size distribution indicated that the
texture of most soils was silt loam and these soils were mainly
located in the upper reach to the middle reach of the Tarim River.
The soil particles were finer in the middle reach and the upper
reach, with coarser particles predominant in the lower reach.

The river overflow area is one of the major dust sources in
the Tarim Basin, where dust storms frequently occur. It was also
found that the river overflow area was one of the major PM2.5
and PM10 emission sources in the Tarim Basin. The highest
content of saltation-size particles was found in the overflow area
of the lower reach, followed by the upper reach and the middle
reach. In contrast, high percentages of suspension-size particles
were found in the upper and middle reaches. River floods could
result in additions of fine particles to these overflow areas, and
considerable dust may be generated from river sediments by
the erosive forces of wind. Therefore, mitigation of soil wind
erosion and fine-particle emission should be considered in the
region.
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